The purpose of this electronic health record (EHR)-based retrospective cohort study was to characterize a population of patients participating in a 12-month, lifestyle change program in a community-based health system and to examine longitudinal weight outcomes.
M ore than 70% of adults in the United States are overweight or obese, 1 a major modifiable risk factor for type 2 diabetes (T2D). 2 The Diabetes Prevention Program (DPP), a landmark multicenter randomized controlled trial (RCT), demonstrated that an intensive, predominantly one-onone behavioral lifestyle intervention that promotes healthy eating habits, calorie reduction, physical activity, and weight loss lowers the risk of developing T2D by 58% over 3 years. 3 Weight loss was the dominant predictor of decreased incidence of T2D in the DPP trial, with each kilogram of weight loss corresponding to a 16% risk reduction. 4 Weight management is an important strategy for cardiometabolic risk reduction and the prevention of T2D and cardiovascular disease (CVD).
Numerous translational, group-based lifestyle change programs, modeled from the original DPP curriculum, have been developed for community and clinical settings as a more cost-efficient approach to diabetes prevention. [5] [6] [7] [8] [9] [10] RCTs have demonstrated the efficacy of these programs in promoting weight loss and reducing cardiometabolic risk factors among individuals at high risk for T2D. [5] [6] [7] [8] [9] [10] Such programs, however, have been less commonly evaluated once integrated into clinical practice, outside the context of a research study. [11] [12] [13] The implementation of a lifestyle change program within a health care delivery system and its integration with routine care provides a unique opportunity to examine the effects of such programs on weight outcomes among real-world patients. To date, there are few, if any, large-scale studies that have examined long-term weight outcomes among program participants in a clinical practice setting. The ability to leverage electronic health record (EHR) data in the evaluation of this program is a pragmatic and efficient approach to contribute to the evidence base, allowing this work to more rapidly inform diabetes prevention strategies in clinical practice and future health policy. The purpose of this EHR-based retrospective cohort study was to characterize a population of patients participating in a 12-month, lifestyle change program in a community-based health system and to examine longitudinal weight outcomes.
Methods Study Design and Setting
This EHR-based retrospective cohort study was conducted at Sutter Health, a mixed-payer health care delivery system in Northern California. This study design allows for access to a large volume of data on program participants who are cared for in routine clinical practice and was selected over prospective analysis as the program under evaluation was implemented prior to the initiation of the study.
Sutter Health provides comprehensive medical services across 130 ambulatory clinics and 24 acute-care hospitals, with approximately 11 million outpatient visits and 200 000 hospital discharges, annually. Sutter Health clinics and hospitals are linked by a single EHR system (Epic, Verona, Wisconsin). This study used an EHR research database that included health care information on patients between January 1, 2001, and December 31, 2017. Data from this study were derived from the EHR of Sutter Health. Given the nature of the study and the use of existing data, this study was approved by Sutter Health's Institutional Review Board with a Health Insurance Portability and Accountability Act (HIPAA) waiver of authorization and informed consent.
Lifestyle Change Program
Sutter Health uses a group-based, 12-month lifestyle change program that is aligned with Centers for Disease Control and Prevention (CDC) recommendations for T2D prevention, based on the original DPP curriculum. 14 The curriculum is conducted in person and is composed of 3 phases: (1) the core phase includes 12 weekly sessions, (2) the transition phase includes weekly/biweekly sessions over an additional 12 weeks, and (3) the support phase includes monthly/bimonthly sessions for the remainder of the year. The core and transition phases promote modest weight loss through healthy eating, calorie reduction, and increased physical activity. The support phase reinforces lifestyle behavior changes, facilitates problem-solving skills, and increases social support and motivation for long-term weight management.
Sutter Health began implementing the lifestyle change program at 7 outpatient clinics in 2010. As of 2017, the program was offered at 18 clinics. The intended population for CDC-aligned lifestyle change programs is individuals at high risk for T2D, based on clinical evidence of prediabetes or a validated screening tool developed by the American Diabetes Association. 15, 16 At Sutter Health, the program is open to a range of patients with elevated cardiometabolic risk, including those with evidence of diabetes.
Cohort Identification
The authors identified lifestyle change program participants in the EHR between January 1, 2010 (first implementation of the program at Sutter Health), and December 31, 2017 (end of study database). The date of the first program visit was defined as baseline. For inclusion in this analysis, participants were required to be ≥18 years of age as of baseline and to have EHR activity ≥12 to 36 months prior to baseline to capture medical history. Participants with International Classification of Diseases, Ninth Revision (ICD-9) or Tenth Revision (ICD-10) diagnoses in their medical record for conditions or procedures associated with substantial changes in weight, including metastatic cancer, pregnancy, gastric bypass surgery, and end-stage kidney disease, in the 12 months prior or up to 24 months after baseline were excluded.
Data Collection and Management
Demographic information was extracted from the EHR, including participants' date of birth, sex, race/ethnicity, and preferred spoken language, which all are self-reported, and primary insurance. Census tract median household income was determined from participants' home addresses and was used as a proxy for socioeconomic status.
Clinical characteristics recorded in the EHR within the 12-month period prior to baseline, including weight, body mass index (BMI), smoking status, and blood pressure, were also extracted. Individuals were categorized into the following BMI groups: healthy weight (18.5 Table) . A Charlson comorbidity index (CCI) score was calculated for each participant as a measure of overall disease burden based on established methods. 18 The CCI was originally developed for predicting mortality in the inpatient setting; however, it has been used extensively as a measure of multimorbidity in the outpatient setting. 19 Individuals were also classified as having a high risk for T2D in the absence of documented prediabetes based on the American Diabetes Association (ADA) screening tool. 16 The authors obtained information from the EHR on patients' medication orders active as of the index date, including prescription-based weight loss products, appetite suppressants, and diabetes medications. Data were also collected on participants' health care utilization as potential measures of engagement with their health care. 20 Participants were classified as having an established primary care provider within the health care system and quantified the number of outpatient encounters and telephonic/electronic encounters, as well as whether the individual had a preventive visit or influenza immunization in the 12 months prior to baseline based on Current Procedural Terminology codes. The number of program sessions completed by participants was also quantified.
Outcome Measures
The primary outcome was mean percent change in weight from baseline at the 12-and 24-month follow-up.
Weight measurements are recorded in the EHR at each program visit and at routine health care encounters; however, values may be unmeasured due to lack of a program visit or routine encounter during follow-up or due to insufficient follow-up (eg, patients who initiated the program as of July 1, 2017, have ≤6 months of follow-up). Short-term follow-up weight measurements were categorized into discrete intervals: 1 to 4 months and 5 to 7 months. For each interval, the value recorded closest to 3 and 6 months, respectively, was used. Long-term follow-up weight measurements were captured closest to 12, 18, and 24 months from baseline ( ± 3 months at each time point). The secondary outcome was the proportion of participants with ≥5% weight loss at 12 months from baseline, which is considered clinically meaningful. 21 The researchers also examined the proportion of patients with ≥7% weight loss, which is a primary goal for the original DPP lifestyle intervention and translational lifestyle change programs.
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Statistical Analyses
All analyses were conducted in SAS version 9.4 (SAS Institute, Cary, North Carolina). Between-group differences in baseline characteristics were examined by independent t tests for continuous variables and χ 2 tests of independence for categorical variables. Mean weight changes at each time point from baseline were calculated with 95% confidence intervals (CIs). Missing weights were not imputed; however, the relationship between unmeasured weight values and baseline characteristics among participants with available follow-up was examined. Logistic regression was used to identify patient characteristics associated with ≥5% weight loss at 12 months, corresponding to the completion of the curriculum. Unadjusted odds ratios (ORs) and 95% CIs were generated for the relationship between each baseline variable (Table 1 ) and the outcome. Subsequently, adjusted ORs and 95% CIs were generated from multivariable regression models, which included all patient characteristics listed in Table 1 . P < .05 was considered statistically significant.
Results
Participant Identification
Among 4463 program participants with ≥1 lifestyle change program encounter across 18 clinical sites between 2010 and 2017, 3156 (71%) met full cohort eligibility criteria ( Figure 1 ). Participants attended a mean ± SD of 8.5 ± 8.8 sessions over 12 months. At 3, 6, 12, 18, and 24 months from baseline, respectively, 3104, 3011, 2839, 2656, and 2379 participants had sufficient follow-up. Among these individuals, weight measurements were available for 2851 (92%), 2106 (70%), 2277 (80%), 1986 (75%), and 1678 (71%) at 3, 6, 12, 18, and 24 months, respectively. Participants with unmeasured weight values did not differ from those with measured values in terms of baseline weight or BMI; however, those with follow-up weight measurements tended to be older with more comorbidities (data not shown).
Baseline Characteristics
Participants had a mean ± SD age of 53.5 ± 13.1 years, 77.7% were female, and 68.1% were non-Hispanic white (NHW) ( Table 1) , with a mean ± SD baseline weight of 101.3 ± 23.8 kg. A majority (84%) of participants were obese or severely obese. Among program participants, there were 3 major cardiometabolic risk groups: (1) high risk for T2D based on clinical evidence of prediabetes or the ADA screening tool (47.3%), (2) overweight/obese in the absence of elevated T2D risk (27.2%), and (3) existing T2D (23.9%). An additional 1.6% of program participants (n = 50) who did not fall into the above risk groups either had evidence of type 1 diabetes (T1D; 33 of 50) or had a healthy BMI and no evidence of diabetes or elevated diabetes risk but had other cardiometabolic risk factors, such as metabolic syndrome, hypertension, or dyslipidemia (17 of 50). The most common comorbid conditions among program participants were hypertension (44.1%) and dyslipidemia (43.7%). Additional characteristics are shown in Table 2 .
Participants across the 3 major cardiometabolic risk groups differed markedly on many baseline demographics and clinical characteristics (Table 1 ). Participants at high risk for T2D or those with existing T2D were, on average, older (57.3 and 57.6 years, respectively) than those who were overweight/obese in the absence of elevated T2D risk (43.3 years) and were less frequently female (75.4% and 68.2% vs 89.6%). Moreover, participants with elevated risk for T2D or existing T2D at baseline had higher mean weight than those who were overweight/obese without glucose impairment. Given the small sample size of individuals with "other" cardiometabolic risk, stratified analysis was not performed on this group. 
Main Outcomes
Overall, maximal mean percent weight loss among program participants was 3.9% at 6 months from baseline; at 12 and 24 months of follow-up, mean weight loss was 3.2% and 2.3%, respectively (Figure 2 ). Across the major cardiometabolic risk groups, unadjusted mean percent weight change at 6 months from baseline was -4.5% among those with a high risk for T2D, -3.9% for those who were overweight/obese in the absence of T2D risk, and -3.0% among those with existing T2D. Unadjusted between-group differences in mean percent weight loss were less pronounced over time.
Overall, 31% and 29% of patients had ≥5% weight loss at 12 and 24 months from baseline, respectively (Table 3) . At least 5% weight loss was observed at 12 and 24 months of follow-up among 34% and 31% of participants with high risk for T2D, 28% and 29% of those who were overweight/obese in the absence of T2D risk, and among 27% and 25% of those with existing T2D.
Patient Characteristics Associated With Clinically Meaningful Weight Loss
In multivariable logistic regression, non-Hispanic Asian (OR, 0.43; P < .001) and Hispanic (OR, 0.65; P < .01) participants had lower adjusted odds of ≥5% weight loss compared with NHW patients (Table 4) . Each session attended was associated with a 12% increased adjusted odds of ≥5% weight loss (P < .001). A preventive visit in the 12 months prior to the program was associated with a 24% increased odds of ≥5% weight loss (P < .05). No differences in odds of clinically meaningful weight loss were observed across cardiometabolic risk groups, after adjusting for patient demographics and characteristics.
Discussion
In this EHR-based retrospective study, a cohort of patients who participated in a lifestyle change program offered as part of their routine medical care across 18 clinic sites in a large health care delivery system was examined. Such behavioral interventions have primarily been studied in a clinical trial setting; thus, this study is one of the few to examine lifestyle change program utilization and outcomes in clinical practice. Moreover, to the authors' knowledge, this study is the first to examine outcomes in this setting through 24 months. The researchers found that program participants had a range of cardiometabolic risk factors, with approximately half of all individuals having a high risk for T2D (47.3%), which is the intended target of CDC-aligned lifestyle change programs. The other half of participants were overweight/ obese in the absence of T2D risk (27.2%), had evidence of T2D (23.9%), or had other cardiometabolic risk (1.6%).
Overall, program participants had a maximum mean weight loss of 3.9% at 6 months from baseline with, on average, 2.3% weight loss sustained at 24 months. More than one-quarter of participants achieved clinically meaningful (≥5%) weight loss through 24 months from baseline. Unadjusted mean percent change in weight in the short term was more pronounced for individuals with a high risk for T2D, followed by those who were overweight/obese in the absence of T2D risk and those with existing T2D, with less pronounced between-group differences in the long term. The overall trajectory of weight change observed in this study-initial, steady weight loss in the short term that plateaus, followed by recidivism in the long term-is a fairly common trend seen in other studies of weight loss interventions, including past studies of DPP. 3, 10, 23 Findings from this study are similar to those from a recent retrospective analysis of a registry of 14 717 participants at high risk for T2D from 220 lifestyle change programs within the National DPP network, which showed mean percent weight loss of 4.2% at an average of 6 months from program initiation, with 36% attaining ≥5% weight loss. 24 Long-term weight outcomes are also in the range of other retrospective studies conducted in health care settings. 11, 12 RCTs of translational DPP-based lifestyle interventions conducted in community and health care settings have typically shown more pronounced mean weight loss at 6 months (5.5%-7.6%) and between 12 and 15 months (5.1%-7.4%) compared with observational studies. 5, 7, 10, 25 Such differences in the magnitude of weight loss between retrospective observational studies and RCTs are not surprising, given that individuals who volunteer for trials are typically more motivated than those in the general population. 26 There is a critical need to enhance the effectiveness of evidence-based interventions when translated into clinical practice, underscoring the necessity of understanding how these programs work in the real world, when, and for whom.
Most evaluations of lifestyle change programs in clinical and community settings have included participants at high risk for T2D, 6, 7, 10, 12, 25, 27 which, as mentioned above, is the target population for programs aligned with CDC recommendations. In this study, approximately half of the cohort did not meet these criteria. In this health care delivery system, it appears that many clinicians refer patients to the program for weight management, which is a direct result of real-world implementation of an evidence-based, structured lifestyle intervention. Notably, after adjusting for patient demographics and clinical characteristics, no differences in odds of attaining clinically meaningful weight loss were observed across cardiometabolic risk groups. Given that weight management is an important strategy for cardiometabolic risk reduction, all individuals stand to benefit from weight reduction, regardless of their underlying cardiometabolic risk. Non-Hispanic Asian and Hispanic participants were less likely than NHW participants to have ≥5% weight loss, even after adjusting for differences in baseline weight and comorbidities. There was a trend toward lower odds of ≥5% weight loss among non-Hispanic blacks; however, this was not statistically significant, likely given the small sample size of this group. Hispanic communities in the United States bear a disproportionate burden of obesity, with a prevalence of 77% compared to 66% among NHWs, which puts them at higher risk for developing diabetes and cardiovascular disease (CVD). 28 Asians, on the other hand, have a higher risk of diabetes at lower BMIs than other racial/ethnic groups. 17 Mounting evidence suggests that a one-size-fits-all approach to behavioral lifestyle interventions should be reevaluated and that culturally adaptive programs are needed. Trials are under way to address gaps in effective diabetes prevention interventions, specifically for Asians 29 and Hispanics. 30 Over a 12-month period in this study, program participants attended, on average, 8 sessions. The number of sessions completed was positively associated with attaining clinically meaningful weight loss. Participant retention in lifestyle interventions is often challenging in settings outside of a research trial 31, 32 as individuals in clinical practice, including those in this analysis, are expected to pay program enrollment fees and other out-of-pocket costs associated with routine care that may limit program completion. Strategies to improve motivation for program participation may have an important impact on patient outcomes. The assessment of "readiness" for engagement in a lifestyle change program and motivation for continued participation could help clinicians better tailor treatment and improve patient activation.
The results of this study should be interpreted in the context of several limitations. This was a longitudinal analysis without a control group, and it is impossible to know if the program caused weight loss among participants; however, that program attendance was positively associated with more pronounced weight loss provides evidence of a potential dose response. Approximately 30% of participants with available follow-up had unmeasured weight at 24 months from baseline. Weight values were more frequently available for program participants who were older and with more comorbidities.
This study has several important strengths. The use of a large EHR research database leverages access to comprehensive information on patient demographics and clinical characteristics, and it permits examination of the real-world utilization of a lifestyle change program and corresponding outcomes. The study database is inclusive of a diverse patient population, which allows examination outcomes by racial/ethnic groups. To the authors' knowledge, this study is the first to examine outcomes (continued) (continued) through 2 years of follow-up in clinical practice and to evaluate numerous factors among participants that are associated with clinically meaningful weight loss. Although this study was conducted in 18 clinic sites from a single health care delivery system in Northern California, the results from this study have high potential for generalizability to other mixed-payer, fee-for-service health care systems throughout the nation. In summary, in a real-world health care setting, a lifestyle change program is associated, on average, with modest weight loss that is sustained through 24 months among participants with a range of cardiometabolic risk factors. More than one-quarter of participants achieve clinically meaningful weight loss, regardless of cardiometabolic risk.
Implications for Diabetes Educators
The results of this study indicate that patients with a broad range of cardiometabolic risk factors benefit from a CDC-aligned behavioral lifestyle intervention that is primarily intended for diabetes prevention. Clinicians may consider using this program to promote weight loss among individuals with elevated cardiometabolic risk, regardless of diabetes risk.
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